Chromatin regulation ensures stable repression of stress-inducible genes under non-stress 16 conditions and transcriptional activation and memory of such an activation of those genes 17 when plants are exposed to stress. However, there is only limited knowledge on how 18 chromatin genes are regulated at the transcriptional and post-transcriptional level upon stress 19 exposure and relief from stress. We have therefore set-up a RT-qPCR-based platform for 20 high-throughput transcriptional profiling of a large set of chromatin genes. We find that the 21 expression of a large fraction of these genes is regulated by cold. In addition, we reveal an 22 induction of several DNA and histone demethylase genes and certain histone variants after 23 plants have been shifted back to ambient temperature (deacclimation), suggesting a role in the 24 memory of cold acclimation. We also re-analyse large scale transcriptomic datasets for 25 transcriptional regulation and alternative splicing (AS) of chromatin genes, uncovering an 26 unexpected level of regulation of these genes, particularly at the splicing level. This includes 27 several vernalization regulating genes whose AS results in cold-regulated protein diversity. 28
Plants are exposed to a multitude of abiotic and biotic stresses during their lifetime and have 41 evolved efficient mechanisms to cope with such events. Stress alleviation relies on numerous al., 2014; Kawashima et al., 2015) . Additionally studies have identified H4 variants, however, 139 protein variants have not been described in A. thaliana (Kawashima et al., 2015) . Lastly, 140 three copies of linker histone H1 exist in A. thaliana, H1.1, H1.2 and H1.3 (Kotliński et al., 141 2016). H1.3 is a stress-inducible histone variant and might be responsible for regulating 142 dynamic DNA methylation (Rutowicz et al., 2015) . 143 While there is ample evidence for a role of chromatin remodeling in the regulation of gene 144 expression in response to cold, relatively little is known about the involvement of specific 145 chromatin regulators. The transcriptional and post-transcriptional regulation of the expression 146 of most of these chromatin modifier genes both during and after cold exposure remains 147 unexplored as well. In the case of vernalization, VERNALIZATION INSENSITIVE 3 (VIN3) is 148 the only VRN gene known to be induced by cold, however, protein level analyses of Pc-G 149 proteins involved in vernalization suggest post-transcriptional regulation of several genes 150
including VRN2, CLF, FIE and SWN (Wood et al., 2006) . 151 Here, we set out to analyze the transcriptional and post-transcriptional regulation of 152 chromatin regulatory genes in response to cold stress and following deacclimation using both 153 publically available datasets and generation of a RT-qPCR platform. We identify a potential 154 role for Pc-G proteins in repressing stress-inducible genes under non-stress conditions and 155 substantial transcriptional and post-transcriptional regulation of chromatin regulatory genes. 156 Interestingly, genes involved in vernalization are largely not transcriptionally regulated under 157 short-term (3 days) cold conditions. However, they may be alternatively spliced, resulting in 158 potentially altered protein sequences. Based on data generated with the RT-qPCR platform, 159
we have identified additional cold-inducible chromatin regulatory genes and genes 160 specifically regulated during deacclimation, including DNA demethylases and histone 161 variants. 162 163
Methods 164 165
Plant material 166
A. thaliana accession Col-0 was sown and grown on soil in a climate chamber with 20°C 167 day-time temperature and 6°C night-time temperature in a 14 h light cycle with a light 168 intensity of 180 µE m -2 s -1 and a humidity of 60% at day and 70% at night. After one week 169 the plants were moved to a short-day climate chamber with the following conditions: 170 20°C/16°C day/night, 8 h day length, 180 µE m -2 s -1 , humidity of 60%/75% day/night. The 171 plants were kept under these short-day conditions for a week before pricking (10 plants per 172 10 cm diameter pot). After pricking, the plants were kept for another seven days under short-173 day conditions before transfer to long-day conditions for another week. The conditions for 174 long-day were 20°C day and 16°C night temperature with a day length of 16 h at a light 175 intensity of 200 µE m -2 s -1 . These four week old plants were used in cold acclimation and 176 deacclimation experiments. For cold acclimation, plants were moved for three days to a 177 growth chamber with a constant temperature of 4°C and a day length of 16 h with a light 178 intensity of 90 µE m -2 s -1 and a humidity of 70% to 80% (Zuther et al., 2019) . For 179 deacclimation, plants were moved back to previous growth conditions for up to 24 h (Pagter 180 et al., 2017) . Plant material of 10 individual replicate plants was harvested from non-181 acclimated (NA) plants (at 8 am), after three days of cold acclimation (at 8 am) and after 2, 4, 182 6, 12 and 24 h of deacclimation (Deacc). The material was immediately frozen in liquid 183 nitrogen and stored at -80°C before being ground into a fine powder in a ball mill (Retsch, 184 Haan, Germany). 185 186
Selection of genes of interest for the RT-qPCR platform 187
We focused our selection on chromatin genes associated with epigenetic changes and selected 188 135 genes for analyses (see Table 1 for abbreviations and Suppl. Table 1 for primer  189 sequences). These include Pc-G genes and Pc-G associated genes (and their paralogs), genes, a selection of histone demethylase genes (putative H3K9 and H3K27 demethylases 191 (JUMONJI-type) and LSD1-like histone demethylases), DNA methyltransferase and 192 demethylase and canonical histone and histone variant genes. 193 194
RT-qPCR analysis 195 RNA was isolated from a pool of five samples consisting of 10 different plants using Trizol 196 reagent (BioSolve BV). RNA was quantified using a NanoDrop-1000 spectrophotometer 197 (Thermo Scientific) and DNA was removed from the samples using a RapidOut DNA 198 Removal Kit (Thermo Scientific). The absence of genomic DNA was tested by with intron-specific primers (Intron MAF5 AT5G65080) (Zuther et al., 2012) . cDNA was 200 synthesised by SuperScript IV Reverse Transcriptase (Invitrogen) and oligo dT18 primers. 201
The quality of the cDNA was tested using primers amplifying the 3' and 5' region of GAPDH 202 (AT1G13440) (Zuther et al., 2012) . cDNA of three independent biological replicates for each 203 time point was used for expression analysis (Pagter et al., 2017) . 204
RT-qPCR was performed for 135 genes of interest (Suppl. Suite (Stothard, 2000) . 255 256
Statistics 257
The statistical significance of overlaps between different groups of genes was calculated 258 using http://nemates.org/MA/progs/overlap_stats.html. The significance of gene expression 259 changes was analysed using an unpaired two-sided t-test, performed in RStudio (R Core 260 Team, 2013; RStudio Team, 2016) . The significance levels are presented as followed: *, 261 0.05>p>0.01; **, 0.01>p>0.001; ***, p < 0.001. 262 263
Results 264 265
Enrichment of H3K27me3 target genes in early, but not late cold-inducible genes 266 Expression of stress-inducible genes needs to be tightly controlled to prevent costly induction 267 of plant defense responses in the absence of abiotic and biotic stresses. We hypothesized that 268 stress-inducible genes are epigenetically silenced under non-stress conditions and therefore 269 analysed the prevalence of the main epigenetic silencing mark H3K27me3 in cold-regulated 270 genes. We compared the H3K27me3 target genes in mature leaves (profiled under NA 271 control conditions) with genes regulated by short-term (3 h and 6 h) or long-term ( As our bioinformatic analyses suggested resetting of H3K27me3 at many early cold-281 inducible genes, we wondered whether Pc-G, Pc-G associated and Pc-G antagonist genes and 282 other chromatin genes are subject to transcriptional and/or post-transcriptional regulation 283 upon cold-exposure. We analysed this in two ways: first, we generated a RT-qPCR platform 284 permitting expression analyses of Pc-G, Pc-G associated and Pc-G antagonist genes, histone 285 and histone variant genes and DNA methyltransferases and demethylases (in total 135 genes, 286 see Methods and below). In addition, we extracted chromatin genes from the Chromatin 287 Database ChromDB (Gendler et al., 2008) and analysed their transcriptional regulation and 288 alternative splicing using a published dataset (Calixto et al., 2018). While chromatin 289 regulatory genes were not significantly enriched among the genes differentially expressed in 290 the cold (DE genes), they were highly enriched among the differentially alternatively spliced 291 genes (DAS genes) ( Fig. 2 ). Only 14 out of 511 genes from ChromDB were both 292 differentially expressed and spliced in the cold. 293
While chromatin regulatory genes were not enriched among cold-regulated genes, interesting 294 regulation patterns of several gene families were identified. Among the transcriptionally 295 regulated genes were six histones and histone variants (HTR2, HTR6, HTR11; HTA6, HTA12; 296 H1.3) and all three paralogues of the DNA demethylase DEMETER, DML1/ROS1, DML2, 297 DML3 (Suppl. Table 4 ). Genes involved in vernalization were not differentially expressed in 298 response to cold, however, several vernalization regulators showed alternative splicing events 299 (seven out of 15 genes) ( Table 2) . These include SR45, EMF2, VRN2, VRN5, VEL1, SWN and 300 HSL1. For most genes, alternative splicing resulted in repression or induction of alternative 301 variants which encode slightly altered proteins, e.g. for VRN2 a cold-induced alternative 302 transcript translates into a protein with an addition of the amino acids QL at position 304 303 which is within the highly conserved VEFS domain (Suppl. Fig. 1 ). Interestingly, among the 304 genes that were both differentially expressed and spliced was the H3K27me3 demethylase 305
JMJ30. Its close paralogue, JMJ32 was also differentially expressed but not alternatively 306 spliced. Overall, our bioinformatic analyses detected a widespread differential expression and 307 splicing of chromatin regulators. Particularly, cold-induced alternative splicing of 308 vernalization regulators is interesting and consistent with previously reported post-309 transcriptional regulation of VRN2, FIE, CLF and SWN (Wood et al., 2006) . Whether the 310 proteins generated by alternative splicing exhibit different functional properties or have 311 different interaction partners remains to be discovered. 312 313
Expression of genes encoding proteins involved in epigenetic processes during cold 314 acclimation and deacclimation 315 To allow expression analyses of Pc-G, Trx-G and associated genes, histone genes and genes 316 involved in DNA methylation under various conditions, we set up a RT-qPCR platform. The 317 expression of the 135 selected genes was analyzed in samples from non-acclimated (NA), 318 cold-acclimated (ACC) and deacclimated (Deacc) plants after 2 h, 4 h, 6 h, 12 h and 24 h of 319 deacclimation. Due to extremely low expression levels throughout all samples, gene 320 expression data for JUMONJI (jmc) domain-containing protein 14 (JMJ14) (AT4G20400), 321
Maternal affect embryo arrest 27/(JMJ15) (AT2G34880), (JMJ17) (At1g63490), (JMJ18) 322 (AT1G30810), (JMJ26) (At1g11950), VP1/ABI3-like 3 (VAL3) (AT4G21550), Probably E3-323 ubiquitin protein ligase (DRIPH) (AT3G23060), Chromomethylase 1 (CMT1) (AT1G80740), 324
and male-gamete-specific histone H3 (MGH3) (AT1G19890) were not further considered, 325 resulting in 135 investigated genes. 326
Expression changes of these genes during cold acclimation and subsequent deacclimation are 327 shown in five heat maps complied according to the function of the respective proteins in 328 epigenetic regulation. The corresponding normalized 2 -∆Ct values are shown in Suppl. Table  329 5. 330
The expression of nine out of 19 genes encoding JUMONJI-type and lysine specific 1A-type 331 (LSD1) histone demethylases was significantly upregulated after cold acclimation. Out of 332 these nine genes, JMJ11/ELF6, JMJ19, JMJ22, JMJ27, JMJ28 and JMJ30 showed the 333 highest log2 fold change compared to NA (Fig. 3) . During deacclimation the expression of 334 these genes decreased over time which is additionally illustrated in the comparison of gene 335 expression levels at all deacclimation time points with the expression at ACC conditions 336 (Suppl. Fig. 2 , Suppl. Table 6 ). However, most genes displayed a drop in expression after 4 h 337 Deacc followed by a slight increase at 6 h Deacc. Almost all genes showed a significant 338 downregulation of the expression relative to ACC after 24 h Deacc (Suppl. Fig. 2 ) and no 339 significant differences compared to NA conditions. 340
Forty genes encoding members of the Pc-G related protein family were included in the 341 expression analysis by RT-qPCR ( Fig. 4 , Suppl. Fig. 3 ). Similarly to the JUMONJI-type and 342 LSD1-type histone demethylase families, most Pc-G related genes displayed an upregulation 343 during cold acclimation, with the highest upregulation for CLF, four WD40 repeat containing 344 proteins MSI1-4 and VRN1. Altogether 13 genes encoding Pc-G related proteins were 345 significantly upregulated, while SWN, DRIP2/BMI1A and VEL3 exhibited a downregulation 346 at ACC. Most genes with a strong upregulation at ACC kept their higher expression levels 347 over 12 h of deacclimation before they were significantly downregulated in comparison to 348 ACC after 24 h (Suppl. Fig. 3 , Suppl. Table 6 ). After 6 h Deacc their expression was either 349 increased transiently before returning to the initial NA expression levels or was continuously 350 downregulated during the 24 h of deacclimation ( Fig. 4 ). Ten genes displayed a decrease in 351 expression during deacclimation, which was significant in comparison to ACC over several 352 time points, including AL3, CLF, FIE1, MSI1-MSI5, YY1 and VIN3 (Suppl. Fig. 3 ). which was significantly downregulated. ATX5 displayed a transient upregulation in 366 comparison to ACC conditions till 12 h Deacc (Suppl. Fig. 4 ). 367
Further, the expression of 25 genes encoding proteins acting in chromosome-nuclear 368 envelope (Chr-NE) interactions, RNA interference and DNA methylation was measured ( Fig.  369 6, Suppl. Fig 5) . Five genes of this group were significantly differentially expressed at ACC 370 compared to NA ( Fig. 6) , SE, DCL1, ORTH1/VIM3, MET1 and DML3. Only DML3 was 371 significantly reduced in its expression under ACC compared to NA conditions. For seven 372 genes of this group expression decreased significantly at different time points of 373 deacclimation compared to ACC, SUN2, SE, DCL1, ORTH1/VIM3, DRM3, MET1 and DML3 374 (Suppl. Fig. 5 , Suppl. Table 6 ). In contrast, especially CMT2, DRM1 and DME displayed a 375 stable upregulation until 12 h Deacc or 6 h Deacc (Fig. 6 ). DML3 was highly induced at 376 almost all time points of deacclimation compared to ACC and was together with DRM3 and 377 DML1/ROS1 still significantly upregulated compared to ACC at 24 h Deacc (Suppl. Fig. 5 ). 378
Lastly, changes in expression levels of 29 genes that encode histone acetyltransferases 379 (HAC), deacetylases (HDAC) or histone variants were investigated ( Fig. 7 , Suppl. Fig. 6 ). 380
Fourteen of the selected genes were significantly up-regulated after three days of cold 381 acclimation, including HDA3, HTR1 and HTR2, HTR12 and HTR13, which showed the 382 highest induction (Suppl . Table 6 ). Strikingly, this up-regulation was still present after 2 h 383 Deacc for 12 of these genes and became significant for three additional ones, HTA1, HTA10 384 and HTR5. About half of the genes displayed up-regulated expression in comparison to NA 385 over 6 h of deacclimation before they were downregulated after 24 h. Especially for H1.1, 386
HTR1 and HTR5, a more stable upregulation was observed which was still significant after 12 387 h Deacc. These genes displayed an increase in expression after cold acclimation, followed by 388 a slight decrease up to 4 h of deacclimation compared to NA conditions. From 4 h to 12 h 389
Deacc, expression increased again before returning to the NA level after 24 h, similarly to the 390 pattern in most JUMONJI family genes. 391
Interestingly, HTA12 was upregulated at later time points of deacclimation (6 h and 12 h 392 Deacc) after exhibiting the largest decrease in expression after cold acclimation in 393 comparison to NA. Consistently, this gene was significantly induced compared to ACC along 394 the whole deacclimation time course (Suppl. Fig. 6 ). Lastly, H1.3 was the only investigated 395 gene that displayed a decrease after cold acclimation and an increase throughout the 24 h 396
Deacc (Suppl. Fig. 6 , Suppl. Table 6 ). 397 398
Discussion 399 400
H3K27me3 preferentially targets early inducible and late repressed genes 401
Chromatin and chromatin modifications contribute to the regulation of stress-regulated genes 402 at various layers: (1) the repression of stress-inducible genes in non-stress conditions (by 403 repressive chromatin), (2) the activation or repression of genes immediately after stress 404 exposure (by the acquisition of active or repressive chromatin, respectively), (3) the sustained 405 activation or repression in non-stress conditions after exposure to the stress and (4) the 406 transcriptional memory of a stress (in non-stress conditions), permitting primed gene 407 regulation when exposed again to the stress (Friedrich et al., 2019) . It is therefore conceivable 408 that chromatin genes and the activity of their gene products are regulated at various layers 409 during different phases of stress exposure and relief. Pc-G mediated H3K27me3 is one of the 410 key repressive chromatin modifications and targets thousands of genes in non-stress 411 conditions, which are developmental regulators, tissue-specifically regulated genes and 412 stress-responsive genes ( Our analyses also revealed that H3K27me3 target genes (identified in warm conditions) are 426 overrepresented among the late repressed genes in the cold (Fig. 1 ). As the changes in 427
H3K27me3 occupancy upon cold exposure have not yet been revealed it is unclear whether 428 the late repressed H3K27me3 target genes acquire a higher level of H3K27me3 or 429
H3K27me3 in more tissues in the cold (compared to warm conditions). One such example is 430
FLOWERING LOCUS C (FLC) which carries H3K27me3 in the warmth but a higher level of 431
H3K27me3 upon cold exposure/vernalization (Schubert et al., 2006) . These genes may be 432 marked for long-term repression in the cold, but further chromatin analyses will be required 433
to elucidate this. 434 435
Expression analysis of genes mediating epigenetic changes 436
In general, our analysis indicated that cold acclimation had a strong influence on the 437 expression of the selected epigenetics-related genes. This is in agreement with the finding 438 that cold stress enhanced the accessibility of chromatin and bivalent histone modifications of 439 active genes in potato (Zeng et al., 2019 It is interesting to note that several members of both families of demethylases displayed an 460 upregulation during cold acclimation before decreasing until 4 h Deacc followed by an 461 increase until 12 h Deacc before returning to the initial NA gene expression levels after 24 h 462
Deacc. This suggests that both demethylase classes are required during cold acclimation and 463 deacclimation. The elevated gene expression of members of both gene families coincides 464 with previous results, where a reduction in H3K9 methylation during short-term cold stress 465
was The Pc-G gene family was discovered in Drosophila, where its members encode proteins able 483 to repress the HOX genes (Lewis, 1978 As many cold-inducible genes carry the PRC2 mark H3K27me3 in the warmth, these genetic 508
analyses are consistent with an important function for Pc-G proteins in prevention of 509 precautious expression of cold-inducible genes. Although we found an increase in the 510 expression of most PRC2 genes during cold acclimation, PRC2 occupancy analyses during 511 cold acclimation will be required to reveal their presence on the cold-inducible genes. Results 512 collected in this work suggest that a higher expression of genes encoding specific PRC2 2010a). We did not observe this induction as plants only experienced a three days cold 524 period, however, a cold induction of VRN1, CLF, VAL1 and FIE was shown in this work. In 525 addition, several vernalization-related genes were regulated by alternative splicing in the 526 cold, including the PRC2 genes SWN, VRN2 and EMF2 (Table 2) . Importantly, all of the 527 alternatively spliced transcripts result in proteins with modified amino acid sequence. 528
Whether these variants have a different function, stability or interaction partners remains to 529 be determined. Wood et al. (2006) revealed that Pc-G proteins are also regulated at the post-530 translational level as VRN2, CLF, FIE and SWN showed higher protein abundance after 531 prolonged cold, while no changes in steady-state mRNA levels are detected. In conclusion, 532
our and previous work suggest that Pc-G genes are regulated at the transcriptional, post-533 transcriptional (alternative splicing) and post-translational level. As the PRC2 mediated 534
H3K27me3 appears to be a major mark repressing cold-regulated genes, tight regulation of 535 PRC2 in the cold is important. Whether PRC2 regulation relates to cold acclimation and 536 chilling/freezing tolerance in addition to vernalization remains to be determined. 537 538
The stress responsive ATX1 gene of the Trx group is cold induced 539
Trx-G proteins act as antagonists to Pc-G and activate Pc-G target gene transcription by 540
depositing CHR12 is induced after cold acclimation. CHR12 is required to arrest growth after the plant 560 is exposed to a stress (drought, heat, salt) (Mlynarova et al., 2007) . Thus, its induction may be 561 directly linking growth and stress responses. Three other highly induced genes after cold 562 acclimation, FAS1, FAS2 and MSI1 encode proteins which form subunits of CHROMATIN 563 ASSEMBLY FACTOR 1 (CAF-1) and are involved in maintaining the cellular organization 564 of the shoot apical meristem (Kaya et al., 2001 ). The gene SWI3A was the only gene of this 565 group which was highly expressed during the first 12 h of deacclimation. It plays an essential 566 role for plant growth and development (Zhou et al., 2003) . These results show that there is a 567 finely tuned regulation of several Trx-G genes and chromatin remodelers involved in abiotic 568 stress response and stress release. Regulatory functions of Trx-G during cold stress have not 569
been reported yet. Nevertheless, the involvement of many of these genes in stress responses 570 in plants suggests a possible participation. Changes in the levels of DNA methylation are known to occur during abiotic stresses; 582 however their exact functions and effects are still unclear. For example, it has been observed 583 that a hyper methylation of DNA occurs during salt stress in wheat (Peng and Zhang, 2009 ). 584
Some of the investigated genes might be involved in deacclimation, e.g. CMT2 displayed a 585 continued increase in expression up to 12 h Deacc. Furthermore, DNA demethylases such as 586 DEMETER have been previously linked to plant stress responses and DME also showed 587 increased expression during deacclimation. In addition, deletion of three DNA demethylases 588 (DML1, DML2, DML3) resulted in increased susceptibility to fungal pathogens and therefore 589 a participation in the biotic stress response of plants was proposed (Le et al., 2014) . 590
Interestingly, DML3 was significantly increased in comparison to ACC at all deacclimation 591 time points and three out of four demethylases (DML1, DML2, DML3) were still upregulated 592 at 12 h and/or 24 h Deacc, suggesting that deacclimation is accompanied by a resetting of 593 DNA methylation. 594
RNAi-related proteins are commonly found in the nucleus and cytoplasm and are well-known 595
to act in post-transcriptional gene silencing in the cytoplasm (Castel and Martienssen, 2013). 596
Dicer and DICER-LIKE (DCL) proteins are key regulators of small RNA biogenesis (RNAi). 597
Only DCL1 was induced by cold acclimation whereas DCL3 was significantly up-regulated 598 only after 12 h Deacc. Expression analyses on DCL genes in rice showed differential 599 responses comparing drought, cold and salt stress (Liu et al., 2009 ). However, the cold 600 response of DCL genes in rice differed compared to Arabidopsis, which may be due to the 601 fact that rice, in contrast to Arabidopsis, is a chilling sensitive plants. 602 603
Histone variants respond differentially and strongly to cold acclimation and 604 deacclimation 605
Histone acetylation can occur on 26 potential lysine residues in a nucleosome (Lusser et al., 606 2001) and is a reversible process. Acetylation can alter the surface of nucleosomes and 607 destabilize it to enhance binding of proteins to transcribed regions (Berger, 2007). Our results 608
indicate an induction of both HDACs and HAC during cold acclimation and deacclimation. 609
HDACs have been previously linked to responses to drought and salt stress, but not cold, in 610 young rice seedlings (Hu et al., 2009 ). In Zea mays HDACs were induced during cold 611 treatment, resulting in deacetylation of histone subunits H3 and H4. In addition, a direct 612 activation of ZmDREB1 expression by ZmHDACs was suggested (Hu et al., 2011) . In 613
Arabidopsis, HDA6 is involved in cold acclimation through the regulation of cold responsive 614 genes Kim et al., 2012) . Similarly, the expression of HDA3 was highly 615 induced during cold acclimation, and after 2 h Deacc, whereas HDA6 was not investigated. A 616 similar expression pattern as for HDA3 was observed for HD2C. HD2A, HD2C and HD2D 617 interact with HDA6 and HDA19 in multiprotein complexes (Luo et al., 2017) , and HD2C 618 also interacts with BRAHMA, a chromatin remodeler involved in negative regulation of heat 619 responsive genes (Buszewicz et al., 2016). HD2C and the WD-40-repeat containing protein 620 HOS15 interact before binding to the promoters of the cold responsive genes COR15A and 621 COR47. The cold induction of HOS15-mediated chromatin changes promotes HD2C 622 degradation and is correlated with higher histone acetylation levels on the chromatin of COR 623 genes. Additionally HOS15 recruites CBF transcription factors to COR gene promoters (Park 624 et al., 2018) . The reported HD2C degradation seems to be contradictory to a higher HD2C 625 gene expression under cold conditions, but an analysis of proteins levels will be necessary to 626 compare these studies. Furthermore, the histone acetyltransferase Gcn5 (not investigated in 627 this work) interacts with transcriptional adapter ADA2B, a transcriptional activator of histone 628 acetyltransferases, and T-DNA insertions of GCN5 lower the induction of COR genes during 629 cold acclimation (Stockinger et al., 2001; Vlachonasios et al., 2003) . The ADA2B gene was 630 also induced during 6 h Deacc in this work, pointing to a possible activation of histone 631
acetyltransferases. 632
Additionally, the expression of several genes encoding histone variants has been also 633 investigated. Variants of H2A and H3 are incorporated into the chromatin during the 634 interphase of the cell cycle to confer unique properties to the nucleosome (Deal and Henikoff, 635 2011). Histone variants of the canonical H2A (HTA2, HTA10, HTA13) , H2A.Z (HTA8, HTA9 636 and HTA11) and H2A.W (HTA6, HTA7, HTA12) were included in the analysis, as well as the 637 histone H1 variants H1.1, H1.2, H1 .3, and HTR1 to HTR15 from the histone H3 (Jiang and  638 Berger, 2017). The expression of most genes encoding histone variants was induced during 639 cold acclimation and stayed upregulated during deacclimation. Studies on temperature stress 640 have discovered that H2A.Z variants are regulated by a mild increase in ambient temperatures 641 (Kumar and Wigge, 2010) . A recent model stresses the importance of the H2A.Z status for 642 the transcriptional regulation of a gene (Asensi-Fabado et al., 2017). Under cold conditions 643
H2A.Z deposition is increased resulting in higher plant sensitivity to changes in temperature. 644
An interesting expression pattern was detected for histone variant H1.3, which was not 645 changed after cold acclimation, but was the only gene displaying a significant and stable 646 upregulation after 6 h to 24 h Deacc, indicating that H1.3 is not induced by cold, but 647 specifically by deacclimation. H1.3 was also found to be up-regulated after 24 h Deacc 648 compared to ACC conditions in a comparison of three publicly available data sets using 649 microarray and RNA Seq data and was considered to be part of a core set of 25 common up-650 regulated genes during deacclimation (Vyse et al., 2019) . H1.3 is drought stress-induced in A. 651 thaliana, and also responds to ABA treatment (Ascenzi and Gantt, 1997). A model for the 652 action of histone 1 variants suggests that the small and mobile histone H1.3 replaces the 653 canonical histone variants (H1.1 and H1.2) under stress conditions causing hyper 654 methylation, but the influence of this process on transcriptional regulation and physiological 655 responses is not clear yet (Asensi-Fabado et al., 2017). A similar pattern as for H1.3, but 656 without induction at 24 h Deacc was found for HTA12. An induction of H1.3 and HTA12 657 during later deacclimation time points indicates a possible role of these genes in memorizing 658 a previous stress event. 659 Overall, this study shows that many chromatin genes are dynamically transcriptionally and 660 post-transcriptionally regulated during the plant cold response and deacclimation. Further 661 work, especially genetic analyses, will be needed to investigate the function of these genes 662
for both processes in more detail. In addition, the modifications set or removed by chromatin 663 enzymes will require a detailed analysis. As hundreds of genes which are stably repressed in 664 non-stress conditions and are targeted by H3K27me3 are activated within minutes after cold 665 exposure, resetting of epigenetic information can be studied during the cold stress response. 666
How this resetting results in memory of stress and/or induces vernalization, is an exciting 667 question to address in the future. 668 669 Acknowledgements 670
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